Polymer electrolyte fuel cell (PEFC) has gained lots of attention as a sustainable energy technology that is an environmentally-friendly and high efficient energy source. However, high cost, durability and performance are crucial problems for implementation of PEFC. In order to overcome these issues, it is necessary to improve the use-efficiency and analyze the substitute catalyst instead of high Pt loading on cathode catalyst layer (CCL). To achieve this goal, study about the role of Pt for Oxygen Reduction Reaction (ORR) in detail at the cathode. Especially, it is very important to investigate the effect of molecules around the catalyst at the triple phase boundary (TPB), where the electrochemical reaction occurs. And it is reported that ORR activity of catalyst is related to the d-band of Pt [1] . But, it is very difficult to investigate the catalyst properties through the experimental method because many factors comprehensively affect to the cell. Besides, it is hard to observe the TPB during the operation and investigate the TPB due to its complicate structure.
Introduction
Polymer electrolyte fuel cell (PEFC) has gained lots of attention as a sustainable energy technology that is an environmentally-friendly and high efficient energy source. However, high cost, durability and performance are crucial problems for implementation of PEFC. In order to overcome these issues, it is necessary to improve the use-efficiency and analyze the substitute catalyst instead of high Pt loading on cathode catalyst layer (CCL). To achieve this goal, study about the role of Pt for Oxygen Reduction Reaction (ORR) in detail at the cathode. Especially, it is very important to investigate the effect of molecules around the catalyst at the triple phase boundary (TPB), where the electrochemical reaction occurs. And it is reported that ORR activity of catalyst is related to the d-band of Pt [1] . But, it is very difficult to investigate the catalyst properties through the experimental method because many factors comprehensively affect to the cell. Besides, it is hard to observe the TPB during the operation and investigate the TPB due to its complicate structure.
In this study, we constructed the TPB model and analyzed the catalyst properties of the model including pure Pt and Pt-Ni alloy through evaluation of electronic state and charge by using computational chemistry method.
Computational Details
The TPB model which is used in this study was constructed by molecular dynamics (MD). The MD simulation refers to a consistent valence force field to represent atomic interaction [2] .
In this study, we have constructed 2 types of catalyst models: 1) TPB model consists of electrolyte polymer, water, catalyst and support, 2) NK model consists of catalyst and support. And we used Pt cluster and Pt-Ni alloy cluster consisted of 31 Pt atoms (Pt) and 25 Pt atoms-6 Ni atoms (Pt-Ni) that 6 Pt atoms were replaced by Ni atoms in the second and third layer of Pt catalyst, respectively as shown Fig. 1 .
The model structure was obtained by being relaxed until the energy and density of the system to be constant at 353K, 1atm. And the constructed models were analyzed by XRD pattern simulator, "Lanax" developed in our group.
The investigation of electronic structure of catalyst was estimated by using our tight-binding quantum chemistry calculation program, "New-Colors" [3] .
Results and Discussion

TPB-Model of Pt and Pt-Ni alloy
We constructed 4 types of catalyst model combine 2 types of catalyst and 2 types of layer model: 1) Pt-TPB, 2) Pt-NK, 3) Pt-Ni-TPB, 4) Pt-Ni-NK. Fig.2 shows the Pt-TPB obtained by MD calculation. The water molecules and the hydrophilic group of polymer electrolyte (SO 3 group) are observed around the Pt cluster. It is considered that the interface between catalyst and electrolyte constructed. And Fig.3 shows XRD pattern of Pt-TPB. A peak attributed to graphite and Pt (111) peak were shown around 2θ = 20 degrees, 2θ = 40 degrees, respectively. It agrees with experiment results [4] . However, the peak attributed to crystalline and amorphous of nafion had not been observed from our model. It is considered that the length, especially main chain, of nafion used in this study is too short to be observed.
Charge of catalyst
We evaluated the charge and electronic state of TPB and NK model and the model with O 2 molecule adsorption by using TB-QC calculation. Fig. 4 shows the average charge of Pt and Ni of each model. In case of pure Pt catalyst, Pt charge of TPB model is higher than that of NK model. On the other hand, in case of Pt-Ni catalyst, Pt charge of TPB is lower than that of NK. It is considered that is attributed to the molecules placed near the catalyst and the interaction between Pt and Ni. It needs to investigate the effect of ligand molecules on the catalyst. But in this study, it has not been demonstrated. The Pt of Pt-Ni-TPB has bigger charge than Pt-TPB. It means that the Pt-Ni is more favorable for O 2 
Conclusion
In this study, we constructed TPB models of CCL in PEFC and evaluated its properties, using computational chemistry method. It is certified that arrangement of components around catalyst affect to the performance. Thus, it is reconfirmed the importance of CCL design. It is obtained that the d-band center is shifted to lower energy level by alloying with Ni. As a result, it is indicated that Pt-Ni alloy has lower activity than pure Pt.
It is known that computational chemistry method is very useful for investigating and evaluating catalyst properties at in the CCL of PEFC. 
